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The method provides an optical information storage media 
with reversible information saving function so that we can 
write, store, erase and rewrite information on the media. 
The method comprises the steps of: (A) making a thin film 
by dissolving the liquid crystalline polymer into an organic 
solvent; (B) heating the solvent to the melting temperature 
of the crystalline polymer, cooling the solvent below the 
gjggo transition temperature, and use the fixed thin film as 
storage layer; (C) melting the liquid crystalline polymer by 
irradiation of polarized ultraviolet through a photo mask; (D) 
storing the information by cooling the polymer. 
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Patent No. 1994-6131 (P77801) 



Abstract 

The present invention relates to a method for storing reversible optical 
information by using a liquid crystalline high polymer as an information 
recording media, and more particularly, to a method for storing information 
which a polarized ultraviolet rays is irradiated to a recording layer of a 
thermotropic liquid crystalline high polymer which contains a photochromic dye 
component so as to store the information with a high density and high resolution 
in a reversible way(recording-reading-eliminating-rerecording). The method for 
storing the information according to the present invention, the polarized 
ultraviolet rays is irradiated through a photomask to the recording layer of the 

, • 1 • -J j._lt:_~ U: «U xnntnininn a.'7/>ls«»n , 7f»nf» OTmin With 

mermoiropic nquiu crystalline mgu yuij'inwi v,wnuniiiu 6 — - o r 

which a film in a isotropic state is covered at a room temperature. And the liquid 
high polymer is phase-transited into a liquid crystalline phase owing to an optical 
isomerization reaction of the azobenzene group, which then the liquid high 
polymer is refrigerated below the glass transition temperature(Tg) to thereby 
storing the high-density information reversibly in a stabilized condition at an 
ambient temperature. 



1994-0006131 



(19) CHeE!^«S(KR) 
(12) «8]3S(B1) 

(51) |nt C| s (45) 1994^07^06^ 

G11B 7/24 



(11) 1994-0006131 

(24) mmmx 



(21) §3211 ^1991-0024720 (65) i^H^m ^1993-0014362 

(22) m&mX\ 1991^12^)27^ (43) BJHttia 1993H07U239J 

(73) mm^x\ g^a^oi^E^si 

MmmmM mi^e 39-1 

(72) IJgXI 

AHM^gAI ^=?^ 2m 402 XI e}°J0[E[§ 33-802 
AHM^A! ES!^ 2§ 25421X1 r JS ^gOUUE 9-801 

/HS^BAI 25£XI OfNM 602-911(371 4^) 

(74) CH£|Oj ^g^i, ^gEJ 



(54) Ji^ qh ai^/d egg Jgxm oigfr Jta*g a»g aa us 



1 CZ> tMO . 



§S 21^ OH XII M AH e»§ ZQSflS 0IS& ^«*< XH# gJS 

[ES2I gg] 

XII 1 Eb S gg2| "J a Oil CCF&h S£l(eStf0ll£EI|e)2| gs ^l^eOil 4mW/cnf£| AIPW X|2I£ 
2MZ! £Al5K)i 9|^& §S1 iS ^OlSOil HJoH Sf&(dHM 25HH ) . 

HI 2 E£r XHi 1 E2J sl^M 4HH SI&SI ¥^E. 

£/dl& gg] 

£ ^§8 §S 3m 0HXII£/d ™§ H^Xf lil 01 g& ^m* §S Hg ^S. & All SI 

^^(phptochromic dye)M 3*fe S&fi ^§ 12 SXKt her inotropic liquid 
crystalline poiymer)2| ?|»S0ll XfSId £S(polar ized ultraviolet^ £AKBift)»°£MI IQS&s* 

i h^esi §si i\i*™o\m-m^-±n-w\m)°g. xhss^ grsoii a& 2010. 

£15 MOI CJIi*°] 3|^. H§, XH3W» 4> US 3 §S xH£l gffl §y OH 

*1I2| «£g0l CH^§j0ilCD£| Ot& OH XII (magnetic media)! OIS& XF^I 31* yo1 

AH£ AH££ 31* &a S OH xil°J fi?£J0i SCI. 

oi en ^ fi^M e^AOi^r ^s^ah §m as- aeoi ^4=^ 2<e£ s^axi sa. 

[Polymer News, 13, JU6-10IHI 01X1(1987)] . m*m §fi ^I^^Sg eUOlHU XF2J6j M2I Jl^ 

o\e°* j\m mxwm 21© xis ^i^oii bishoi oien ^fxi §g§ ^fxih sad. ^jkh. ^xhsj xf^ 

GHxj|2| 10 LHXI lOObH 01^21 §S Xi§ ^FXIOj, ^ffl, ?|^ OH XHI £f »fif2| Sxl (reading 

headM BIS^^ ^^!0IEM ^1^21 XPI Dm 011 AH UEIUfe 0HHI2I §X|2j ^^0| SH. All 
JRH Xl§ Q^BM CH^o^ ^Xil^ ^ 

XIS^XI ;H^£ICH ^§13 C!>i3Sb 2CI2§ "1^3, d|C|2g fiilOiXi Ct^32| g 

AH P^33^ 2iXI°}, OlgE §SO e^6l e^8HHU(read only memory : ROM) Eb 1 

SfiO 3l^(write once read many : WORf.1)^ 4= 2il zE, ^I^S §MO ^>io^ XH^l^ 

m ^ eiD. 01^ B§g D\m^2\ EIM(Dit). WM(bubtle) E^ glM(bump)121 

s p xi eaa §s§ n&APib pi^ oii3^li§ rasoi ci . 

CttSUH. 5I50II ^OHLiXIM OlgolOI ?|s 0HXJI2J ^SOI (1 SS-sg g^j £ ^ ^S^-e^^). ill 
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gfi Efer SBfi,^ xfOISf BS 8*3 B§i S3B 3I*S 8MB ±*Bf2 flPlilJ 

- oj b ^g 0 i 3H»a3 aiQ. oi as aossi as sa» Bssit ^ ohxhsl^ ^b 21 ®; 
S«r« Vsesi »oi« uEiuib ^f s»a mmv qa « asa 

2 5JID. 

oi« 3 zniu (£)XII62-246963£ 3S (B )H1 1-294791^011 2JSfS, 8g^B 2SXt IB 

ixfil *0|2| BSB(co m patibility)0l S^*!°sL W „ OH^Oll «S *»■ * flg 

5 eewai eBAiait *8 oi a d. as. :>ise bsb ^sm xipi^ofe 

s «tS eo n ©a ^m^s swat est aa. ^yeoii oiaB sxiibsb * 

SoT^I^B BBS H£Xf mmmO\ at°U[JR HI4.513. 075s a Polymer 

News. 13. pp. ,6-10(1987)], 01S8I SHiaxi &2 210. 

BE UxliBUf ^*ll& M0ISI 8E01IAi S»4«2| ^01 2S=£ MBSKhighly oriented) ^BB(#& 
oh§ ggo £j«oilAH 2|}f£! SStelectic field)0|Lf ^B (magnetic tied) SEfe AfUS 31 

I2i as xh ai oil g»ot s»«si uhb«s saAiiJ * aieoj. se B*r3 oig£(opticai 

aVsotropy)B UEWP. 0I3B 2*8 SBSI S*fi M»2| BBS SB8 *!S BB 

s ia aaoii wwoi ^i^iias bbb ^xioi. »n etse behsi 112^ as* ^ 

£SfP 3 a 2 ^8 2»»2| Tg 01 81011 Al «a BEH (glassy state)S 3»(H<b)£IH£ a* SB 21 M 
»B ^Xf 28(freeze-ln)B 4 &b BBS 210. 

oia» oh b n^xia iibm oisb xib ohx^ahhj s^b 1083£ 

4Hbf0ilH(V. P. Shibaev) HeOI AI£B B£0l £l3E0|P[Polym. Commun.. 24 , 364(1983)]. 0IB 

8 0f2H2] 



+CH,- CH-K 



0= C-O- CCH.) ' " C> -<§> — (^^* CN 

1 O^H£IIO|E3i| oh§ H^XfM 2^1^ ea r £^ ^11 SI HI^S ITO BxKelectro- 
optical cell) AhOIOil BBS Q3 2§I ^Oi ^01 ^»iH^^ H££ bHl?@ 2^ S( homogeneous) ii 
B Old! 3J5BQ. COOII I2^£(high intensity)^ BIOIS SI 5 Ah of 01 *m ¥E ¥^0| 

I o W§ ^^ifo] §§ g £ oib££ ?ni°^^ n^wa uera sa*na 

geUsotropk nelt)BER£ BSOIM ttSap. 0 |IU. ^Xf^|2J UHBOI MS BEHfc 5»§ 2 

^Xfoj Tg oimS a^l^^Mi 2§ED(§S 31^ E+^l). 0|£f ^01 ^I^E §^ o[l\ ^ of 

01 SAfS £M »^A|31 S8^2J SfB^^ ^OlizrQj ^6fOj. ^XfiH^f MB@ ill 

^UfAI^H^W fgB^I SeiCf. 01 a B EM£f^^bl£i xfOI^^Ei PI^S §S1 MBP. ^I^S 
CfAl 8£ 0IB^£ ^fl&E^Mi 4:^1^ ^ 91Q. ^l^#CHI ^OlIAf 

§a cf^g ciai «ja a^^o^ w pf«5|o^ xh:i^^ ^ 2iPi) bq. 

OlifttHI 1985^ S^2J 15(H.J. Coles)§£ OI2f ^8 Ul^ 0ISS04 (smect ic)BOII ^ 

§ zp^g Efoio| otjg n^XfOil 4- 2JCf= Af^M S^16fSP[Polymer, 

26 pp 1801-1806(1985)]. HaU OiaB ^^l^ B*!S 10GW/gbT)SI aioixi BOI 

S9ECf(^ §S^I^2| SE3f ^P). CEfdfAH, ^¥^8! 8£ B^OII 2|oH BSOPf ^Oik k tffl ej^2i 
-XfiH£ 101 W^OU H6HB£^f fi^Sb H^E, ^S^i BM2J ^1^8 ^ICHSt^l 0\gQ. 

□a°s h^^hi aioixiM ^^^^ Afgofb am\ s^ioii sjoH soiBSf 

- 5H§ H^XfS BS PI 




U ITO BXKelectro-cptical ce 1 1 ) LH Oil >H ®S« 2J^VoH ^CH UHBf 

p- oiaB ^BBOll XfSJ^M ^AfofPi Of^ He^J gJXIt lEfl(conformation)Pf ^^(trans)OIIAH 
A|^(cis)^EH£ bf^SAH HHBS ^BBOI EfUlSIOi l^B^g BSOPf SOiya. B20I0II If 

E Si 21 EEa^MblSixfOIOil 2J5H BS^f USSPIi SH32iP[Polynier. Prepr ints{ Japan) . 37, 
2905(1988) ; Ma-cromolecules, 23 42(1990)]. HaU. 0|& 13f ^Al ^8 8E0IIAH §Si Pl^of^l 
0H^(Hi BS2J oHB£ ^1 BS 5B 21BB0I OH^ ^Oi^lCf . 

BS. ^21 OfOISKM. Eich) 3! 2i!£sn(j t H . Wendorff) ^8 Oli^Sl 3il OfB^aiOI^^I 
^iH qHg n^xfS }|^0Hxll£ AfgofH 3101X1 ^^(polarized laser beam)! OlgB 0f_^ AH£^ ^ 
£3^(hologram) ^^|2J ^f^^ Be l\m a jg§ SHofSP. -^^ HI3, 623. 395s, ^51 
3912 193. 338^, DIBS^ ^51 X04. 837, 745^. S^H ^51 S£ WI62-191, 826a, XJI62-285. 

246a £! HI63-87. 626^ MOII 2jof2, ^B HMXH ITC Bxl (electro-opt ica I eel I )0tl 

«2 SBB ei^fSfOl 3BB ^BBs Ola SI5BP. 01 3 1 Oil fill 01 H S^M iAfSfS Of 5 3g2| ^ 
SI §EH^f M^(trans)01l>H Al^(cis)^ SOIBsf 1^01 BOiyO. □ 12f. aH^£IOj 2ib 2 
¥U ^01 XHHHB(reorientatlon)ae/H 0^1 a fe B*f3 ^SB Ibi ref r ingence)2j xfOIOII 2J5H 1MB 
4, o, C[2 ghQ. oilfPII X1BS §Sb ^IBBOI §°o^2S B20l8fb 8£(Tn i )0IB°£ ^ 
B ¥ ^^& V H^W XI^ISQ. OI^S BOIB Pl^ SBB PAI ^6f£ XHPI^l^ 4^ 2AP2 BP. 0[ 

^Aig 0I0I ^^B ^^(^ 100W/caf)0il blSfOI BS PI^OII Afe£lb S?!2| 

^£(power intensity)}* Qtt! ^2. SEB BOI Oft! BBOII 2|8H (photon-mode) sfBOl £D\B£ Of^ 
^8 oHB^B ^ BB 01 2iP. HaU, 01 ^Ai 1^1^ ^S2f 0f£3fXI£ ^B H^Xf 
21 3BB UHBB $\oWM^ m^m J3R@ [TO ^a& Bxl (electro-opt ical celD^t ^EAI ^QofP. 

□an ^^b sboi fi^PEi^i ttn^oii oil Li xi £*joi eb ?f^^^^ S£M oiaei Pl^l^ 

s gHg n^xfOi! ^a^B ^4i2J PiBBOII 01^' ^^9P. 
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5-,F S o?Lf^»i?k 1 3oV«IM «8J« MSSIte ITO Sxl (electro-optical cell)* IBS 

b aaa m m*« »fc aa*. aass set aa. mm* * at * 

£ ? an at ie us asm aiseoii ao. 

g2 5 IFali saw swot issm. e aaa ojehob/h as tsws e>a. 

s^gOIIAI MSS §fi 31* OHSIISfe B »a»«0B 38H «82£ 3H*S OS Wl( I )2i 

$ss ^sa ahss gas hsxib Aigstsa. 



< -CHCH,CH,0+l — ^ — N=N— ^^-OCH, 



*| MWM. rag 4 LHXI 12013, ng 1 LUI 30ID. 
= * et» Tl^xio, BE|(|tfitiOII^E|s)b Macromolecules. 22 2596(1989)011 ttSIS »J»2S ™S 

fa Sol 1" w *oh sUog s^ais *»waAis atcuiuPAc interna 

TI0NAL SYMPOSIUM IUPAC-AAS-ATS RACI Polymer Division, POLYMER MATERIALS : Preparation. 
Characterization and properties. Feb. 10-14. 1991 HI120-121IHI0I XI &£]. 



*^^-N~N~^^-OCH. (U) 



O 
I 

c-a 
I 

ch, (ini 

c-a 
i 

o 



o 

CH, «V) 
C-0+CH<CH,D*^^ 

% ^OUH, ro@ 0 LHXi 3012, m£ 4 U XI 120IQ. 

s}wQ SEi(&g6.K)ll^9|s)i2| 3E(inherent viscosity)^ ef 0.05-1.0 M0I2I &lt ^bQ. 
0.4 M0I2I &m »fc Hff»»2| 3201 SCf 

3 ^JrOil 3S4*4s! *!££>d 0*£H!fi! 3©^ S85KQ Site it ttBlfi 0*31 ?£&!(VI-IX)2| tt* 
S H^Xf^e £ ggSI :W OWIS/d MSm SlCHPolymer J. 17. 

277 _ 27 8(1985) ; Macromolecules, 9. 123-127(1976) ; Polymer Preprints(Japan) 37 2905(1988) . 
Makromol Chen. Rapid Commun.. 6. 291(1985) : Makromol . Chem. Rapid Cornmun., 8. 59(1987) . Pure 
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Appl. Chem.. 57. 1009(1985) 



■ A-o- 

I 

CH. 



CH, 
I 

■Si-O 



^ (CH«). 



-Si(CH,h 



(VD 



3 MmM. RE H. CN 3Eb OCH9OI2. £! (n8 2>2fr 30 U XI 700IC-. 



o o 

-4CH,~/0/ CH»-OC-CH- CO* <«> 

<CH«), 

-((^— N=N 0-<CH,>. 



4 0—^O^(O^ — 0-<CH,).-COO-CH-COO- (CH,).* <*> 



oj Aioj]^ R g ^ f (R'fe OCH3 9Eb CN)0IIQ, mS 1 



LHXI 100IQ. 

CK.-C 

o 

I 

Rt 

- (CHJ.-O-^Q^ N = N ~ ^0)~ R > 

?l ^ Oil AH . R,8 H EEb CH 3 0!H, R 2 b < m = 1 

14, R 3 ir OCHo SEb CN)0ICL 

OH o«g ngxfM£l ^Xfl* 31 Tgb ^ 10*01X1 2x 10 5 31 -40" LH XI 130^C SflOIXIB, S 
o|6HAl^ 10 3 LUXI 6x 10 4 3£ -5° LHXI 90TC M0l°i &m £b 5.S0I MQ bUT^Sm. 
§£ US 

OlZ&m 311 3>fe ^3 HmX\S\ g™M ^£!3EI(spin coater)£ CHI ESoK)l % l 

n Emm w&m xiise * Afss nmx n^si sse oi#°s :»fl& ps aess 




S i*gXH0)l °|SH j^sog j Httg aoi ^( I )£J »£|(»Sfc.K)ll^a|s)2| 3^. »Sltf2| 41 ?l 
Si 5Af AI218 Ml 20 LHXI 1mW/cnf gy 102 LHXI 10§0l2iCh ©S. SMI 30)E 1HH1! 

0I# XISAI3PI ?) 6H Alb Xf£ld°l iJE K 5A[ AI2S ^ 2 LHXI 10mW/cnf a 402 LHXI 5^ M0IS 
£XIA|5Mb 33 Ol UHJSiSfP. 

st£ ^l^oj 2 ^ eh ?£*HVi-IX)°l e»§ H^ttME ?!2f 38 ^S^S §S9I XiSOl ^ot&£ 
U, §S £E, 8H&^ £ §M£| XI S 2>SgOI ed|(^E^0II^E|iM)O|| bloFOi Sfc! 

s ^ S o| n^oj ^e,^ Ai-gEi n^we g§ oi&ss D\mm ^ A o f s°^ - 

^Ai^ SSfg &EH^ 5§0}^3§ g-Hfe! #2Jd 2^0!l .^Se QCH ^0!) SAf^ ¥^0! O^^ilSl 
oj ^oi^^ ^S01l 2ioH ^ EH Oil >d ^^'SMI bHl,^ ^SOimb ^^>^ 0|g^ 3101 

OI2f ^ S^B XF2l£om £1101X1 ^011 0ISH ^S^OIiAl &&0\m ^'23lb 
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Bb SWCH2I 9 888 ?lsMAH 01 Si ^hXI 3801 HO. SHU, 3|*AI tfSSOIom 8fe 
2»S 2^Xf2| 2g& EdH»(pre-ofientation)8 9I6H M8£lb ^4>& S XI [electro-optical eel I (E 
b M&I010IE US 3ISSI fi£g ?E£^ £ §2S §§ai/H ^§ 3£X>2| BH&OI 

iJOiUEH »)]^ swamp. q*pah, sui«ai ^siixib assess ™s n£Xf2i ^soii cap 
□=d)oii 212 on li xi &s^g ^21 ^5H ^201 aai siD. mm, x\su& m% 

Oil 2jSH SE£! §M XH2 ¥£)3F £MP^bl2j XfOI^ DH¥ 32. SE& :>IE2I 

^SOjjAH g£ }|^AI UPUb g%#OII 2|& £MP±eu|2J XH m[Macroniolecules. 24 42(1990)] Sl^ 
E K3I EH^Oil HoH^2| 4= 2JP. S!HH, Xf2ld g^oil £18 8940IIA1 fiHS»°S2| 

«S0PF OH ° »a3(Sfi3l^2| feS). £!£2i fc!S/B8(S/N)2| HPf OH^ feQ. 

USS §£2| 

SSb USS §S1 Wm\X\ 8Jb XH^2] S«f BS £01 3 (optical polarizing 
microscope)Oli 2JSH SJM 4= SAP. ^. §S I>I*AI SAtS »filtf £^2| ^01 E^tlOI32| Rx\ 
& &2 ^(crossed polarization di rect ion) Oil mm 45° QH 510121 El^il 3>b §Si 
4^ £1P. 01 ^Oil 633nm2| He-Ne 3I0IXH2J B#(HI 2J6HAHE *ISS 3M1 211 4* HQ. 

Oia© MtfS § S p|s A) 5 A^ Xr2l£ S^OII 2joH 2SB0II S&SOI 2Ab C»2 HBOI °}£j 
°[ M^^(trans) 31 8 EH Oil AH A|^{cis)£ ^OISSJ Si 8 01 SJCHUEAI ^11 Oil 4^EM ^XH 
01 UH188 5E^P[Makromol . Chem. Rapid Commun., 8. 477(1987) : Applied Optics, 23, 
4309(1984)]. 

3dHE£, 2Af£lb tt2|£ £§2| 2|£g SaAISESMI Ai^ Dc §SI SgJ& 3IM0II 0JEH2 g 
S8KH 33tt ^E 2AP. 

XH §£°J £>! 

51 §2b 5«§ H£X[2i 88 £E 0|&E£ pa mso^ u)2UI31 XII 4^ SAP. 3£l 

n. oia& emoi e^^2i ^§ n^x^b §ja ^i^ a.^6K)i qai ah^^ 

SSI XH^I^^ 4^ SIP. ££h SS2J ?|^-^^-XH^I^2| BSE ^Oi£ 10SJ 01^ «^6f01E 

?iii2i as ^ oh^^oi e»axi aau. 

OloL ^ ^SM ^AlOlll mO\ MgmUXt ¥ 1*301 OIM ^A|0i|2| g¥0il^ ^39 = 

^8 OIUDf. 

[^AIOII 1] 

SfBIS SXI2I ^|#0il 2I6H XHI3SS 4-8|E^A|-4'DiWA|OI5e!a![ltol . Cryst. Liq. Cryst.. 31, 
233(1975)] Eb OH^20ttS( 1 1 )* tfS^aSS£IE( 1 1 1 )» AH^E 5«S S|^S£J » 

^0li^E1l = (lvm ^SISCI. 

^, 0HH0^A||Q|O|M(50hL)^0II ^01 21b ttfftf aSS£IE(0.01iwl ) §5M^ 4-SIE^A|-4'0l!^A[OFiSli 
fi!(0.02mol)2| OllgOhAIIEIIOIMdOOmL) g^iOil &&o\ :foiaa. £388 24AIZI S^AI^J D 

m ^^e^ y^Ai^a. ssii oiB^h ae oiiioNmioiM^ 2-3 y aii*i& ^ 2^mscL 

01^1 IS^Si 80H^¥EI XHlSSfOl t^^2J OII^^^AI D^Ol gib 

I*E^OIl>:EI|s(|v, n=0)M ^SIP. 

^01^ □!! Olliey^AI ^HII0|A1(spacer)l ^b tfg^OII^EII 2 ( iv, n=1-3)I£ ^9.\ ^S0|| 2J 
oH XjISEJSia. 

AH££ ^^^011^91^^21 4^§^ 58-65%0l£Ea. §§ ^ ^^Al^ (DIE} 

LHIO^(nematic) 2!*S^0| UElUb e^(monotropism)8 SSCf. 

[«A|08 2] 

CIDil^^^AIE(OMSO) lOmLOil °[b ^ Al Oil 10||Ai 39I5& Sfg^OII^HI s ( immol ) 8^^011 ^DH^AH 
6%-NaH(2.1mmol)M im&Q. &&0\\M UIZI 8^ H«!§1 * 1, m=6 : Immol )M AH 

Aisi ^s^q. nam uai mmmm ^^bmi m&s^/d iooicchiah 24ai^ ^^^iai^p. ^ 

8 « ifgsf 82ijs Jlf^2| DHI&^Oil S2AI^P. H^XFM Ol^mH, 15^51 8 

^o^« Q IHSS^ P8 2£AI31 ^4- el Eg>^2| AH^g ^§ H^X^ 8£| (^^^011^81 

s)(| t n-1-3. ra=6)il ^SIP. 

OIM e«g 2gX^2j mm 4^mS ^ 70-80%OI2iP. US SE(251C01IA1 i^^Sii 80H^ AF8^01 
0.5g/dL2| feE ^§S) SI ^£1 201 £E(Tg)b ^ 0.05-0.4 ^ 0.70TC AfOISP. 

OheH 5b 1,^9 AH££ ^^6}0H^ei|S2f g^X^M2J ^201 £E1 fi^sh 50IP. M^K^^^CHI^ 

Eii^)iE ^^^oii^aisem ^§ ^ii sap. 
[fi] 
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<CH,CH*0>. 


w>«^«iACr«o | 




o-0 


i 141 o 120 K (222) 




. n-1 


i ID n 121 K (167) 


i 130 B U7 K (M») 


n=2 


t 130 n HQ K '056) 


i 89 n 56 K (192) 


n=»3 


i 1L0 n 90 K (13S) 


i 59 o 32 K < 77) 



a : y^A|0i!°l @§ 3013011 2J6H s*!§&OI SSTii. 
b : gg£Ei=r MX\ ^*ni(DSC)01! 2I6H ^Sli. 
[gAIOII 3] 

til Al Oil 20UH XII 2 ^ AH££ B»g ^§ »£l{»fftfOII±a|3)( I )M il^Si gOHOil a? 10% 

g Ol geilM ££l&(2cmx 2cm)^|0|i 3-4 10iE&! * ^S!3EH£ 8/*0M XlliSfS 

a OI51M 3*3© ?10il £32 AtSS 2fXt §g SES ^HA|3|H UAH S2tAI 

^ ^bpi use iee oi ?ioii oiaii nneoi zidu^ sib 5^o^§(^^ : so-zw) 

m 19 £32 &£0IIAH SSf lEi(Kenko B-370)2f SSCKToshiba PL)M gj&& 5iCH HfgOl 
365nm£l I\2\& g^Wl : 20-1mW/cnf)M g»fe AI2K10£-10S)§e> SArS Qg A o^2S yRAI31 

u\h\ w&2\ ass mmm Baa. 

0!-2* ^0! ShOJ §3 iMc &S0II./H .0H-¥ 9h.S.5^..Q.(1^.S-82H.l! ), .~)E!31 §Mb 21^ OH 

xii Mgs'iasasi gg ^ ^^ai^ xis ^ stti. ses. opioh % 

XII 1 Eb S&l(B^OII:*iHI = )(l ( ra=6. n=2)2J §S PI^OII 4mW/arf£| AjPIl £b Xf£|£!l S^m 

2^ eei 3&awoi §mi poison hjsh g£ sf&(25dH)oia. m 2 Eb 01511 4 tin 

[gAlOtl 4] 

SM 3[^2j OHXflSAl g£|(BgtfOII£EI|5)CH£! 3IE2] BSIS owg ^IKVIII. m=6, R=CN)M AhgS*32 
Xf2l£ ^^21 AIPIB Zk\ AI2>8 40-5fnW/cnf £• 2-60^3 g?IS 2 01 2J Oil *JA|0J| § 

«^2§ ^gmoi jase. ^aa. naiu. ass sh&s*. s/nhi g eis^oi 

#7; 

1 

ah sio^Bi mt\o\ xhsjd ^af^q^mi jimx-m of^ey^i ne^j soi^si ^goii 
s\m ^2oiai^i ae, on ^ai soi stdg) oishi ^^ai?i ij^esi §si 

S ^ SOII AH eiSS^I XHSSfe 51^ ^S2S 6fe AH^E §M 
2 

XI! 1 SiOiAi, §fi DH^I^h Of 21! I )£J ^^B ^§ 2^^°! g 







«4CH,f.9- (I) 



?l Oil AH . inB 4 LH XI 120132. n8 1 LHXI 30ICL 
S^P^ 3 

xii 2 gwi ^chm, h^x\j\ mm ^so . 

4 

All 2 IT Oil 21CHAH, ^§ 3i^XF2j AX %±J\ 0.05-l.Oei S h S . 

a^s 5 

XII 2 ^ Eb 4&>0il °JtO\M, ^§ UMIfSj ^±Hoj Dill'MI^I^ (1F60I31, □ 31 £ 
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0.05-0.42! gfS. 
S?ff 6 

m 1 etoi aw*, e&g 2i!s aoi se(tqW o urn 70*21 as. 

7 

HI 1 ttOO °'OUH 5!jS «3I SMOB S^S □ § 2«§ 2£»°J §1 | 

E£ ^i6^ UAH 201 ^£(Tg) 01 a^AI^ s 3& -^<=>^ - - ^ ;i^<=>_^ 

Mgsfe 33. 
£?B 8 

JEII 1 B 3^ 7B0II &01AH, M34 ^EHS HS301 2Jb «H3 M»2I «WB OhaffljHlSI »0J«» 

5s(hN« ^ISas «aoiAi9ifc a«a SW a* mB9l mmBm mm0 \ 28 £□ msoi 

B?B 9 

jji 1 soil siouh. £M8 nad esa app* 2o-in*f/crfei an. 

10 

XII 1 9JtO\ AH, a}2J£ £At AI210I io£-iosei aa • 

11 

0 I o > • 

hi i b Eb 2Soii si oi ah , D\m mxw^M omapisi m=eo\n onney^Ai 

^IHIOIAi(spacer)^ 40> m=2<>i K3£ :a»*B MS&W tfSOII/H ^ 6?llfl 3* &38MI §M 

1 USSlfe 33. 

b?b 12 

HI 1 KOII Si 01 AH . 3MB HB32I »ftf ^01S £t= 633nm2| EH0IXI ££01! S\m 

33. 

s=?b 13 

HI12B01I SIOUH, §S 3|^AI a}2|£ El^Sj 3 Oil CHoK* &m tiOlSSI 51x^3 £^ 3B 

01 AH^ 45° 21 ^ £ CHI AH §S1 fi^Sfe 33. 

a^B u 

HI 1 BOII £101 AH , §S1 AI-SS 134 ^§ M»2I §§ ^BB * «S°S aRAI 

3* ^>|6^ 33. 

a?B is 

Hi 1 B Eb 14B0II SICH/H. ±>19 §Si XII 1 B2| 33M &**\0\ ^^2S SSI XPI^B 4* 
2ib 33. 

S?B 16 

XII 1 BOII 2JCHAH. §S 3I4B0II ElA^b Xf2i£ 0^21 ^£1 B»A|B2£« BBB }IH#0|| Ai£ 
□B §Si £S8t01 H3B 4> Sib 33. 
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